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SUMMARY 
Yellow dwarf of onions ,is a ·transmissible virus disease, of the mosaic 
grou·p. The virus overwinters in the infected onion bulbs and in volun-
teer onion pla.nts that live over winter in the fields. It probably is 
n either seed nor soil borne. 
Yellow dwar f symptoms are ch aracter ized by yellowing and crinkling 
of the leaves, which become more or less flat and droop over in t h e a d-
van ced stages. Flower stalks of infected mother on ion plan ts become 
yellow, twist, and cu rl and are shorter than n ormal plants. Masking of 
yellow dwarf symptoms occu rs quite commonly in in fected on ion plants, 
and these plants are a source of inoculum for infecting healthy plan ts ; 
bulbs from the plants masking symptoms when regrown produce in-
fected plants that show disease symptoms. 
Plants grown from infected onion sets and those that become infected 
early in the growing season produce under-developed bulbs of little 
commercial value. Onion plants having masked infection throughout 
their growth period produce apparently normal plants and yields. In-
fected mother onion plants produce normal seed, but the seed yield is 
about 30 percent less than from healthy plants. 
Yellow Dwarf is transmissible by artificial inoculation and insect vec-
tors. By artificial inoculations the incubation period is usually about 
10 days. Onion bulbs hypodermically inoculated with juice extracted 
from the fleshy and dry scale leaves of infected onion bulbs failed to 
show infection. Inoculations made during retarded growth periods 
either fail to infect the plants or the symptoms are not manifested dur-
ing the current growth period. Signs of the disease appear when the 
bulbs of such infected plants are regrown. The virus extracted from 
yellow dwarf infected onion leaves that mask the symptoms is infective . 
. Yellow dwarf virus was transmitted under controlled conditions by 
the bean aphid (Aphis ntmiscis Linn.), corn leaf aphid (Aphis maidis 
Fitch.), and the apple grain aphid (Rhopalosiphurn prunifoliae Fitch). 
The yellow dwarf virus was inactivated when the viriferous juice was 
stored in vitro at 29° C. for a period of 112 hours. 
When infected onion leaves were stored in the open, at 29° C. for 100 
hours, juice extracted from the leaves was non-infective. 
The infectivity of the virus was only slightly retarded when viriferous 
juice was heated 10 minutes at 70° C. At 75° C. for 10 minutes, 55 per-
cent of the original virulence of the virus was lost. At 80° C. for 10 
minutes, the virus was inactivated. With 10-minute exposures the 
critical thermal point for the yellow dwarf virus lies between 75 and 
80° C. 
Exposures as low as _14° C. for 6 hours failed to inactivate yellow 
dwarf virus. 
Inoculations with dilutions of 1-10,240 and above failed to infect any 
of the onion plants. 
Yellow dwarf virus inoculated into Chinese sacred lily (Narcissus 
tazetta L.) bulbs, Jonquil (Narcissus jonquilla L.) bulbs and shallots 
(Allium sativum L.) visibly infected 60, 30 and 90 percent of the 
plants, respectively. 
Inoculations with other plant viruses, including mosaic of Chinese 
sacred lily (Narcissus tazetta L.) and Jonquil (Narciss1ts jonquilla 
L.) failed to infect onion plants. 
Only one (Riverside Sweet Spanish) of thirty-six onion varieties 
tested seemed to be markedly resistant. 
The combined effect of indexing all growing stocks of onion bulbs, 
producing the planting stock of bulbs in areas free from yellow dwarf 
and roguing out the infected volunteer onions in the fields reduced the 
percentage of yellow dwarf infection in the district from 40 percent in 
1928 to a trace in 1933 and 1934. 
· Yellaw Dwarf, a Virus Disease of 
Onions, and Its Control 
By w. J . H ENDERSO:'l' 
A virus disease of onions, now known as yellow dwarf, was 
first found in Iowa in June, 1927, in the Pleasant Valley onion 
growing district. At that time, 50 to 60 percent of the plants 
in two or three fields of table onions grown from sets showed 
yellow dwarf. During the following season, 1928, an epidemic 
occurred in which 35 to 40 percent of the table onions in the en-
tire district became diseased, and in certain fields 75 to 95 per-
cent. In the same season seed crops, which are grown from 
mother-bulbs, were 85 to 95 percent diseased so that a yery light 
crop of poor quality seed was produced. 
The heavy losses sustained and their probable profound effect 
upon this old intensive onion district, if they continued, caused 
a demand for a thorough study of the disease. The study was 
initiated in June, 1928, with work centered in a field laboratory 
in the onion district during the growing season and continued 
in the phytopathological laboratories at Ames during the re-
mainder of the year. The unknown nature of the disease made 
imperative a study of the symptoms, cansal agent, host relations 
and control measures. Observations and data are recorded in 
the following pages in the order enumerated above. 
NAME 
When this yirus disease was first discoyered in the Pleasant 
Valley district its cause was not known. The most character-
istic symptoms were a yellowing, crinkling and dwarfing of the 
foliage and flower stalks. These symptoms suggested the name 
yellow dwarf for this malady. Subsequently. it was learned 
that Dr. N. J. Giddings had observed a mosaiclike onion disease 
in West Virginia, but he was not able in a limited study to estab-
lish its causation. Now that it has been shown that the yellow 
dwarf virus is readily transmissible artificially and also because 
the very early symptoms show a mosaic pattern, it seems evident 
that yellow dwarf falls in the mosaic group rather than the yel-
1 These studies were made under project No. 91 of the Iowa Agricultural 
Experiment Station, "A study of the yellow dwarf and other onion diseases 
of Iowa." The author is greatly indebted to Dr. I. E. Melhus and Dr. C. S. 
Reddy for their advice and helpf ul suggestions during the progress of the 
work and in preparation of this manuscript. The author also takes pleasure 
in acknowledging the very generous assista nce extended by Pleasant Valley 
onion growers. Special mention is due Mr. Russell Rice and Mr. Albert Schut-
ter in that they loaned equipment, housed seed stocks, and often assisted with 
routine practices incident to growing experimental plots. 
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lows group, In this publication, however, the original common 
name, yellow dwarf, will be used because of its descriptive value 
and general use by growers. 
SYMPTOMS 
YELLOWING 
Symptoms of the yellow dwarf disease are easily detected 
when they are manifested, but masking of symptoms by infected 
onion plants is common. The initial manifestation of symptoms, 
in plants grown from naturally infected onion bulbs, is a series 
of short yellow streaks which appear at the base of the first leaf 
emerging through the neck of the bulb. Onion plants inocu-
lated in the leaves either by the needle method or by insect 
vectors, show these first symptoms only at the baEe of the leaves 
emerging after the inoculation. All leaves, in general. that 
emerge after the appearance of the first symptoms, show signs 
of the disease and those previously developed remain apparent-
ly healthy. Under conditions favorable for development of yel-
low dwarf disease the leaves showing the short yellow streaks 
at the base become yellow throughout and also crinkled and 
somewhat fiat . In this condition the leaves lop over and present 
the abnormal appearance shown in figs. 1 and 2. 
Fig . 1. Ye llow dwar f disease on fotJ r Yellow Bottle neck o nion pla nts. 
H ealthy on ion s of sam e v ar iety in cen te r . 
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Fig. 2. Diseased Yellow Bottleneck onions surrounding one healthy plant of 
the same Yariety in a field at Pleasant Yalley, Iowa, 1928. 
Flower stalks of infected plants producing seed show yellow 
streaks extending upward from the base. Later the streaks 
coalesce, the stalk becomes yellow throughout and twists and 
curls in a characteristic manner (figs. 3 and 4). 
DWARFING 
The yellow, crinkled and lopped-over condition of table onion 
plant leaves and the twisted and curled flower stems of infected 
plants producing seed, give the diseased plants a decidedly 
dwarfed appearance (figs. 1, 2, 3 and 4). Bulbs of onion plants 
produced from infected sets are under-developed and of little 
commercial value, although they are usually well shaped. Bulbs 
from onion plants with only the last few leaves showing symp-
toms, or from plants with completely masked symptoms, are us-
ually normal in development and appearance. Floral clusters 
of infected mother-onion plants are smaller and have fewer 
flowers than normal plants (figs. 3 and 4). 
MASKING OF SYMPTOMS 
Although manifested symptoms of yellow dwarf are easily de-
tected, a large percentage of infected onion plants either com-
pletely masked the symptoms or only a few of the later devel-
oped leaves showed signs of the disease. The former group can-
not be determined by observation and the latter gro.up may be 
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Fig. 3. A crop of healthy Yellow Bottlen eck onion plants at Pleasant Val-
ley. Iowa, 1931. 
easily overlooked. Early in the season of 1928, it was found 
that the yellow dwarf virus was carried in the onion bulbs. To 
study masking of symptoms of yellow dwarf disease 
on onions a series of experiments was conducted, the data 
from which are presented in table 1. July 1, 1928, 200 
Yellow Bottleneck onion sets and 200 Red Globe table onion 
bulbs from apparently healthy plants were collected at random 
from each field of R. M. Rice, F. H . Schutter and Albert Schut-
ter. These bulbs were planted in a greenhouse bed Sept. 19, 
1928. The percentages of plants that showed signs of yellow 
dwarf were determined after 35 days (Exp. 1, table 1). 
June 26, 1928, 200 apparently healthy plants were located in 
a field of Red Globe table onions on the C. Kramback farm, in 
which 95 percent of the plants showed symptoms of yeliow 
dwarf. Two weeks later 96 of these plants which were ap-
parently healthy when observed June 26 showed signs of the 
TABLE 1. DATA FROM FOUR EXPERIMENTS IN WHICH YELLOW DWARF SYM-
Exp. 
No. 
1 
2 
3 
4 
PTOMS WERE MASKED IN THE FIRST GROWTH PERIOD 
BUT NOT I N THE SECOND. 
1(' 
First Growth Second growth 
period period 
Sources of material 
Number Percentage Number Percentage 
plants infection plants infection 
Rice sets 200 none 200 30 .0 
F . H . $chutter sets 200 in- 200 42. 0 
A. Schutter BetB 200 fected 200 28.0 
Rica 'commercial bulbs 200 200 48 . 0 
F . H . Schutter commercial bulbs 200 200 32 . 0 
A. Schutter commercial bulbB 200 200 44 . 0 
Kramback commercial bulbB 104 50 98 . 0 
Hypodermically inoculated Bets 21 21 33.3 
Schutter Bhaded Bets 1624 200 14 . 0 
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disease on the last few leaves that developed. The other leaves 
gave no manifestations of symptoms. The bulbs of the remain-
ing 104 apparently healthy plants that had been labelled were 
harvested. By April 5, 1929, 54 of these bulbs had been de-
stroyed by soft rot; the remaining 50 bulbs were planted. May 
6, 1929, the percentage of plants that showed yellow dwarf 
symptoms was taken (Exp. 2, table 1). 
Twenty-one healthy Yellow Globe onion bulbs were hypoder-
mically inoculated April 5, 1930, with juice of yellow dwarf 
infected onions, and sterile water was injected into 20 others 
to serve as checks. The bulbs were planted in 6-inch pots of 
soil in the greenhouse and kept separate from other onion 
plants. These plants were observed throughout the summer, but 
no symptoms appeared. July 28, 1930, the bulbs were har-
vested and Sept. 10, 1930, were planted a second time. Thirty 
days later, 33 percent of the plants which had been inocu-
lated expressed yellow dwarf symptoms and the uninoculated 
checks remained healthy (Exp. 3, table 1). 
May 10, 1930, a lath frame was constructed over a square 
rod of Red Globe onion seedlings on the Albert Schutter farm. 
The plants inside the frame did not grow normally, because 
of the shading, and none of them showed any signs of yellow 
dwarf. Nine percent of the plants of the field crop onions 
growing adjacent to the frame showed yellow dwarf symp-
toms. July 8, 1930, the bulbs inside the frame were harvested 
and Oct. 16, 1930, a random sample of 200 was planted in the 
greenhouse. Forty days later, 14 percent of the plants 
manifested symptom of the disease (Exp. 4, table 1). 
Data from experiment 1 r ecorded in table 1 show that when 
Yellow Bottleneck sets from apparently healthy plants col-
Fig. 4. Diseased Yellow Bottleneck onion plants at Pleasant Valley. Iowa. 
1928. Ninety-five percent of the plants were diseased. 
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lected in three fields were regrown in the greenhouse, 30.0, 
42.0 and 28.0 percent, respectively, of the plants expressed yel-
low dwarf symptoms and bulbs from apparently healthy Yellow 
Bottleneck table onions, collected in three fi elds and treated 
in the same manner showed 48.0, 32.0 and 44.0 percent visible 
infection, respectively. Data from experiment 2 in table 1 
show that 98 percent of the plants in a similar experiment 
masked the symptoms during the first growth period but ex-
pressed them during the second. Data from experiment 3, 
table 1, show that artificially inoculated bulbs masked the 
symptoms during the first growth period and 33.3 percent ex-
pressed symptoms during the second. Data from experiment 
4, table 1, show that shading by the lath caused complete 
masking of symptoms of yellow dwarf of onions. 
A very probable reason why the infected table onion plants 
failed to manifest disease symptoms during the growing sea-
son was because they became infected late in the season when 
the plants were approaching maturity, and growth was re-
tarded. Similarly, onion seedlings for production of sets sel-
dom show yellow dwarf symptoms regardless of the time they 
become inoculated with the virus. This is because they are 
planted so thickly in rows that growth is very much retarded. 
Onion plants that have been hypodermically inoculated in the 
bulbs often fail to express symptoms during the current 
growth period, because of faulty inoculation technique. In-
oculum injected into the storage tissue adjacent to the grow-
ing point of the bulb is slow-or fails-to reach the meriste-
matic tissue at the time the plant is making vigorous growth, 
thus the symptoms of the disease are not manifested until the 
bulb has been regrown (the next season). In experiment 4, 
table 1, the shaded plants were growing under adverse condi-
tions which retarded growth and caused masking of disease 
symptoms. The relation of the condition of the host at inocu-
lation time to the effects produced will be discussed later. 
PREVALENCE AND DISTRIBUTION OF YELLOW DWARF 
OF ONIONS 
In Iowa yellow dwarf disease was found in the Pleasant Val-
ley onion district which comprises about 1,000 acres in an ir-
regular strip adjacent to the Mississippi river. Approximately 
90 percent of the entire onion crop of this district is produced 
in the river bottoms extending between Pleasant Valley and 
Bettendorf. The remainder of the crop is grown in the region 
back of the river bluffs near Davenport, Bettendorf, Pleasant 
Valley, LeClaire and Princeton, Iowa. 
. In 1928 the center of infection was located in the vicinity of 
Pleasant Valley, where 95 percent of the onion plants were 
visibly infected. The percentage of disease in onion fields ad-
Perc<znt 
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Scale 1"= 3 MI. 
Fig. 5. Onion growing areas of eastern Iowa showing distribution of yellow 
dwarf in 1929. 
jacent to the river decreased from Pleasant Valley to Betten-
dorf so that this area could be divided into sections in which ap-
proximately 95, 65, · 40 and 10 percent of the plants, respec-
tively, showed yellow dwarf symptoms. The bottom land be-
tween this area and the river bluffs produced onion crops that 
were 15 to 20 percent visibly infected. In the region back of 
the river bluffs and in the fields in the vicinity of LeClaire and 
Princeton, the crops were about 5 percent visibly infected with 
yellow dwarf, except a small area near LeClaire, where the crop 
was apparently free from infection (fig. 5). 
In addition to Iowa, yellow dwarf of onions has been found 
in West Virginia, California and Minnesota. Giddings (5) re-
ported a serious onion disease occurring in the southern part. 
of West Virginia. However, he did not prove the virus nature 
of the disease, but in correspondence with Dr. I. E. Melhus in 
1929 he states, "Some years ago we found a disease which we 
218 
designated as onion mosaic. It apparently was carried only 
in the vegetative parts, or sets, and at that time we found it 
only in what are known as multiplier or potato onions. The 
disease was extremely prevalent in the south central part of 
the state and they urged us to do something to help them. We 
made a large number of attempted isolations, but could obtain 
nothing , and from the general symptoms concluded 
that the disease was a mosaic." 
Bremer (2), 1929, reported a disease of onions in Germany 
characterized by drooping, crinkling and yellow streaking of 
the leaves. He states, "During the summer of 1929, the disease 
was reported from various parts of Germany as causing 60 '(0 
95 percent infection, especially in the second year stands. " He 
called attention to the similarity between these symptoms and 
those of yellow dwarf in Iowa. 
INOCULATION TESTS 
In 1929, Dr. N. J. Giddings sent specimens of infected onion 
bulbs from West Virginia to Ames where they were grown in 
the greenhouse and showed typical symptoms of yellow 
dwarf. In the autumn of 1929, Dr. L . D. Leach col-
lected specimens of yellow dwarf infected onion plants 
in California and sent them to Ames. Inoculation tests 
proved that the disease was yellow dwarf. In 1931, Dr. 
1. E. Melhus collected specimens of yellow dwarf diseased 
plants in Minnesota. Healthy onion bulbs, inoculated with 
juice extracted from these plants and grown for a short 
time showed typical symptoms of yellow dwarf. The results 
of hypodermically inoculating healthy onion bulbs with juice 
extracted from each of the specimens received are given in 
table 2. 
Table 2 shows that a large percentage of the plants in each 
of the tests produced typical symptoms of yellow dwarf when 
healthy onion bulbs were hypodermically inoculated with juice 
extracted from infected onion plants collected in different 
TABLE 2. RESULTS OF INOCULATING HEALTHY ONION BULBS IN THE GROW-
ING POINTS WITH JUICE FROM SUSPECTED YELLOW DWARF 
DISEASED ONION PLANTS OBTAINED FROM 
Source of 
virus 
DIFFERENT STATES. 
Date of inoculation 
Number of I Percentage of 
~l_bs__ yellow dwarf 
lated Checks lated Checks 
Inocu- I I Inocu-
-~-:-s~-V-ir-g-in-ia-----I-b-~n-te-l-,0-i9-1i-;-9 ----:1-- l g-g-1 1gg ~~: g - 0 ~ 
California Sept. 22, 1929 50 50 88.0 
Minnesota Sept. 16, 1931 50 40 70.0 
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states. It is evident, therefore, that Dr. Giddings in 1916 was 
dealing with the same disease in West Virginia and that it was 
present in California in 1929 and in Minnesota in 1931. 
NATURAL SPREAD OF YELLOW DWARF VIRUS 
An opportunty for observation of the natural spread of the 
disease occurred in June, 1929, when a field of Red Globe onions 
grown from seed was located adjacent to a field of Yellow Bot-
tleneck onions grown from sets. Thirty percent of the Yellow 
Bottleneck plants showed symptoms of yellow dwarf early in 
the season, and the first appearance of the disease in the Red 
Globe field was definitely adjacent to this diseased field. With-
in 4 weeks there was a progressive spread over the Red Globe 
field so that at harvest 65 percent of the plants showed symp-
toms of yellow dwarf. 
July 25, 1928, after harvest, 2,000 healthy onion bulbs were 
planted in a field where the previous crop had shown 65 per-
cent infection. The bulbs were dormant when planted and did 
not start growth until Sept. 20. At the same time hundreds of 
infected volunteer onion plants were growing in this field in 
the vicinity of the plot. By Oct. 16, when the plants in the ex-
perimental plots were 8-19 inches high, 30 percent showed yel-
low dwarf symptoms, Results of this test clearly indicated that 
natural transmission of the yellow dwarf virus could occur late 
in the season. 
The following year, 1929, Red Globe onion seed again was 
planted in the field referred to in the preceding paragraph. It 
was bordered on thc north by a bluegrass pasture, on the south 
by a weed-coveJ>ed railroad right-of-way, on the east by a crop 
of Yellow Bottleneck onions from sets (in which 20 percent of 
the plants were infected) and on the west by a field of Red 
Globe onions grown from seed. The field was divided into 19 
sections, 16 of equal size and three small ones. From April 20, 
when the onion seedlings were 2-3 inches in height-3 weeks 
after the plants grown from infected sets had shown evidence 
of yellow dwarf- until harvest time, July 7, the percentage of 
plants manifesting symptoms in each section was recorded at 
weekly intervals. Fig. 6 shows the method of sectioning the 
field and its bordering crops. Percentages of yellow dwarf 
found in plants of the various sections of this field on ·different 
dates are given in table 3. 
Experiments in 1929 showed that yellow dwarf was not seed-
borne. Any yellow dwarf in onion plants grown from seed, 
therefore, was due to inoculum from some other source. Data 
given in table 3 and fig. 6 show that the first evidence of yellow 
dwarf symptoms in this field of Red Globe onions appeared 
June 2, in sections 1 and 2. On June 9, the number of plants 
a rchord 
l2ed 
Globe 
Onions 
Grown 
from 
S<ZtZ-d 
On ions 
from 
StZtZ-d 
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Fig. 6. Location of numbered fie ld sections referred to in table 3. Broken 
lines show spread of yellow dwarf virus in a field of Red Globe table onions 
from seed, P leasant Valley, Iowa, 1929. 
showing yellow dwarf had increased in sections 1 and 2 and 
had appeared in sections 3, 4 and 5. Sections 3, 4 and 5 were 
bordered on the east by a crop of Yellow Bottleneck onions 
grown from sets, where 20 percent of the plants had shown yel-
low dwarf symptoms for the preceding 3 weeks. June 16 there 
was a marked increase in percentages of yellow dwarf in those 
sections where it had previously been found, and the disease ap-
peared in sections 6, 7, 8, 9, 10, 14, 15 and 16. June 23 the dis-
ease had spread and increased in all the above mentioned sec-
tions, but none had appeared in the others. June 30 large in-
creases in percentages of infection occurred in all sections 
221 
where yellow dwarf had been previously found, and the dis-
ease appeared in sections 13 and 17 for the first time. The 
plants in sections 11, 12, 18, and 19, located in the northwest 
quarter of the field, did not show yellow dwarf symptoms until 
July 7. On that date from 2 to 65 percent of the plants in the 
different sections of the field showed symptoms of yellow dwarf. 
Those sections adjacent to the Yellow Bottleneck onion crop-
showing yellow dwarf-and the railroad tracks were most heav-
ily diseased, which indicated that the agency of natural trans-
mission came from the Yellow Bottleneck onions. 
Yellow dwarf symptoms continued to appear in plants of the 
different sections between June 2-July 7. Because of the dis-
eases's incubation period, the insects responsible for natural 
transmission of yellow dwarf virus to these plants necessarily 
would have been present in the fields during the period May 18-
June 25. 
In 1930 and 1931, although the percentage of yellow dwarf 
throughout the entire district had been greatly reduced, there 
was similar evidence of natural transmission in the onion crops 
grown from seed. 
Melhus, Reddy, Henderson and Vestal (9) showed that yellow 
dwarf is a virus disease. Further studies of artificial methods 
of transmission and spread of yellow dwarf under field condi-
tions have been made to ascertain its infectivity and possible 
means of dissemination. 
TABLE 3. PERCENTAGES OF DISEASED PLANTS FOUND IN DIFFBRENT SEC-
TIONS* OF AN ONION FIELD PLANTED WITH RED GLOBE 
SEED AND READ AT WEEKLY INTERVALS.** 
I 
June July 
Section I 2 9 16 23 30 7 
1 1.0 5.0 8 .0 15.0 24.0 35.0 
2 1.0 5.0 6.0 12 . 0 20.0 30.0 
3 2.0 4.0 9.0 19.0 30.0 
4 5.0 8 . 0 12.0 20.0 50.0 
5 4 .0 9 . 0 16.0 36.0 65.0 
6 10.0 18.0 34.0 65.0 
7 5 . 0 15.0 20 .0 50.0 
8 2.0 5.0 15.0 35.0 
9 2.0 6.0 14.0 30.0 
10 1.0 4 . 0 11.0 28 . 0 
11 4.0 
12 2.0 
13 3.0 5 .0 
14 2.0 5.0 16 .0 45.0 
15 3.0 10.0 25.0 50.0 
16 1 .0 6.0 8.0 25.0 
17 2.0 8.0 
18 5.0 
19 4.0 
*See fig. 6. 
**In allsectioDs no disease was in evidence on April 20, 27; May 4,11,18 and 25. 
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ARTIFICIAL INOCULATION TESTS 
'The virus was obtained for artificial inoculations by two 
methods. The first method consisted of crushing infected onion 
leaves in a mortar with sterilized white quartz sand and ex-
pressing the juice from the pulp in a hand-press through a thick 
layer of cotton covered with cheesecloth. The juice was then 
diluted 1-10 with sterile distilled water and centrifuged for 1 
hour at 8,000 RP.M. The juice, which was used for inoculation 
purposes was poured off, leaving the greater part of the chloro-
phyl and coarse leaf tissue in the tubes. In certain tests, how-
ever, the centrifuged onion juice from infected onions was 
passed through a Berkfeld W. filter before inoculations were 
made. Onion juice from healthy bulbs was similarly treated 
and used to inject into check plants. 2 Other inoculations were 
made in which juice was extracted from the fleshy leaves and 
scale leaves of infected onion bulbs. 
'rhe second method consisted of taking diseased tissue asepti-
cally from yellow dwarf infected bulbs. Three or four of the 
fleshy leaves were removed, and a plug of the sterile tissue was 
cut from the remaining part of the bulb. This plug was inserted 
into incisions in healthy bulbs. Before the healthy bulbs were 
inoculated, they were soaked for 30 minutes in a solution of 
mercuric chloride (1-500), with an equal volume of 0.5 percent 
nicotine sulfate, after which the outer two fleshy leaves were 
peeled off. Plantings were made in 8-inch pots of sterile soil. 
The base of each pot was embedded in fresh sand, and a bell jar 
was sealed to the rim of the pot. Each bell jar had a 2-inch hole 
in the top, covered with silk bolting cloth. Watering of the 
plants in these tests was done through a tube in the side of 
the pots. The tube was kept closed when not in use. Except 
when otherwise indicated, the tests were conducted under open 
conditions with an ample number of check plants. 
Artificial inoculations were conducted by the following meth-
ods: , (a) Puncturing leaf tissue with a fine-pointed needle; 
(b) hypoderntk injectiqns into the growing tips of healthy 
bulbs; (c) cutting leaves from healthy onion plants with a sharp 
scalpel or topping shears smeared with juice or pulp of yellow 
dwarf infected onion tissue; (d) rubbing the leaves of healthy 
onion plants with tissue of an infected onion plant ; (e) ruhbing 
the leaves of healthy onion plants with fingers smeared with 
juice from infected onion plants ; (f) inserting plugs from in-
fected onion bulbs into incisions in healthy bulbs ; (g) watering 
healthy onion plants with juice extracted from yellow dwarf 
infected onion plants. 
-.,...-'- - , 
h lhe healthy onion bulbs used in all of the inocul a tion test s were Red 
Globe and Yellow Bottleneck varieties. grown by S. Kennedy of Clear Lake. 
Iowa, a nd R. Workman of L a nsing , Ill. 
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NEEDLE PUNCTURE INOCULATIONS OF ONION LEAVES 
OCt. 6, 1929, 20 healthy Red Globe onion plants 2-3 inches in 
height were inoculated by pricking the inoculum into the base 
of the succulent leaves. The sterile fine-pointed needle was 
pushed through a drop of virus-containing onion juice into the 
leaf tissue. At the same time, five healthy onion plants of the 
same variety to be used for checks were similarly treated ex-
cept that juice extracted from healthy onion bulbs was used. 
The plants were gro'wn in 8-inch pots of steamed soil and placed 
in a greenhouse containing no other onion plants. Similar in-
oculation experiments were conducted at nine other times; the 
results are recorded in table 4. . 
The 20 onion plants in each of the tests made Oct. 8 and 22, 
and Nov. 10 and 14 in 1929 and on Feb. 6, 1930, failed to show 
yellow dwarf. The 20 onion plants, inoculated by this method 
Oct. 6 and 30, and Nov. 4, in 1929, showed 5 percent ihfection 
in each test. Ten percent of the plants in the needle-puncture 
inoculation tests initiated Oct. 25, 1929, and Feb. 4, 1930, mani-
fested yellow dwarf symptoms. The 10 check plants : used 'in 
these two tests remained healthy. 
Data given in table 4 show that the needle-punctured method 
of inoculating onion plants with the yellow dwarf virus either 
had no apparcnt effect during the first growth period or caused 
yellow dwarf in only one or two plants. 
MODIFIED NEEDLE PUNCTURE METHOD 
Oct. 10, 1929, 20 healthy Yellow Globe onion plants, 2-3 inches 
in height, were inoculated with juice containing yellow dwarf 
virus by folding a small piece of cotton saturated with this 
juice around the base of the succulent leaves and pricking the 
leaf tissue through the cotton with a sterilized, finely pointed 
needle. About 20 needle punctures were made into each leaf. 
The saturated cotton wrapper was allowed to remain on the 
wound of the leaf for two days. At the same time, 10 healthy 
TABLE 4. RESULTS OF THE NEEDLE PUNCTURE METHOD OF INOCULATING 
ONION PLANTS WITH YELLOW DWARF VIRUS. 
Percentage infected Incubation 
Date inoculated 
Virus inoculated Check. period . . (20 healthy bulbs used) (5 healthy bulbs used) 
Oct. 6, 1~~9 5 14 
Oct. 8, 0 none 0 
Oct. 22, " 0 in- ',j r 
Oct. 25, " 10 fected 16 
Oct. 30, " 5 ' 16 .. ~ 
Nov. 5, " 5 14 , 
" . Nov.10, " 0 .,. 0 , ,; 
Nov. 14, " 0 r ,:' > 
Feb. 4, 1~?0 10 i4 . t 
Feb. 6, 0 ,0- ' ' \ ;".~ 1, 
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plants were similarly treated in the leaves with juice extracted 
from healthy onion bulbs. A total of 12 tests using this method 
was made on different dates. The same number of bulbs was 
used in each test, excepting those started Oct. 15, 16 and 20, 
1930, in which exactly half the usual number was used. The re-
sults obtained when these plants were grown in 8-inch pots of 
steamed soil are shown in table 5. 
TABLE 5. RESULTS OF INOCULATING ONION PLANTS WITH THE YELLOW 
DWARF VIRUS BY THE MODIFIED NEEDLE PUNCTURE METHOD. 
Date inoculated 
Number plant. inoculated Percent yellow dwarf 
Incubation 
Virus Checks Virus Checks period 
Oct. 10, 1~~9 20 10 30 none 12 
Oct. 12, 20 10 25 in- 12 
Oct. 16, " 20 10 30 fected 12 
Oct. 20, " 20 10 35 10 
Nov.10, " 20 10 20 12 
Nov. 15, " 25 10 24 10 
Nov. 20, " 20 10 40 14 
Jan. 15, " 20 10 25 13 
Jan. 20, " 20 10 20 12 
Oct. 15, " 10 5 30 12 
Oct. 16, " 10 5 30 14 
Oct. 20, " 10 5 40 10 
The data in table 5 show that consistent positive results 
were obtained in these 12 tests, when healthy onion plants were 
inoculated in the leaves with yellow dwarf virus by the modified 
needle-puncture method. The check plants, inj ected by the 
same method with healthy onion juice, remained healthy in 
each of the tests. 
In these tests, the period of incubation of the yellow dwarf 
virus in the onion plants was about 12 days. 
HYPODERMIC NEEDLE INOCULATION 
The inoculum was inj ected into the growing points of the 
healthy onion bulbs with a sterilized hypodermic syringe having 
a needle I-inch long·. The needle was forced into the bulb from 
the side, slanting downward into the meristematic tissue, to the 
center of the bulb plate. At the start of the withdrawal, 1/32 
cc. of the inoculum was injected into the growing point and sur-
rounding tissue of the bulb. Two injections were made into 
each bulb from opposite sides. 
This method was tested 16 times in 1929 and 1930, inoculating 
a total of 340 healthy Red Globe onion bulbs. Half of this num-
ber was hypodermically inoculated in the growing point with 
non-filtered juice, and the other half with juice which had been 
passed through a Berkfeld W. filter. For the checks in each 
test, 10 healthy Red Globe onion bulbs were hypodermically in-
jected in the growing points with juice extracted from healthy 
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onion bulbs. The bulbs were planted in 8-inch pots of steamed 
soil and placed in a greenhouse. In 6 of the 16 tests the plants 
were enclosed by sealing bell jars to the tops of the pots. The 
results are presented in table 6. 
TABLE 6 . RESULTS OF INOCULATING ONION PLANTS WITH THE YELLOW 
DWARF VIRUS BY THE HYPODERMIC METHOD. 
Number Percentage Incu-Treatment Condition of bulbs yellow dwarf ba-Date inoculated of juice of tests --------- tion Inocu- Inocu- period lated lated Checks 
------
Oct. 4, 1~~9 Non-~tered In oRen 20 85 0 12 
Oct. 6, 20 90 10 12 
Oct. 30, " " " 20 85 healthy 12 
Nov. 15, " " Under bell jars 20 80 bulbs 14 
Sept. 29, 1930 " In ?pen 20 100 used 12 
Oct. 15, :: " 20 80 14 
Oct. 15, " Unde~,bell jars 25 90 12 
Dec. 10, " " 25 100 10 
Oct. 4, 1~~9 Fil~~red In ?pen 20 70 12 
Oct. 6, 20 70 14 
Oct. 30, " " " 20 80 12 
Nov. 14, " " Under bell jars 20 80 10 
Sept. 28, 1~~0 " In :::pen 20 70 
I 
13 
Oct. 15, " 20 75 12 
Oct. 15, " " U nd~~ bell jars 25 75 12 
Dec. 10. " " 25 60 12 
Data given in table 6 show that in 16 tests of this method in 
which 340 onions were inoculated, 60 to 100 percent visible in-
fection resulted. The 10 healthy Red Globe bulbs that were 
injected hypodermically with juice from healthy onions re-
mained healthy in each test. 
Inoculations with the nonfiltered viriferous juice gave some-
w hat larger percentages of infection in these tests than the in-
oculations with filtered juice. Growing the inoculated plants 
under bell jars did not affect the expression of yellow dwarf 
symptoms. The incubation period of the virus in plants that 
showed yellow dwarf symptoms ranged from 10 to 14 days. 
The hypodermic method of transmitting the virus to onion 
plants produced more diseased plants than did any other arti-
ficial method. 
INOCULATIONS Wl'fn JUICE FROM FLESHY AND SCALE LEAVES OF 
INFECTED BULBS 
In 1932, four tests were made in which juice extracted from 
the two outer fleshy leaves of infected onion bulbs was hypo-
dermically injected into the meristematic tissue of healthy onion 
bulbs and two tests in which healthy onion bulbs were similarly 
inoculated with the filtrate of the dry scale leaves of infected 
bulbs that had been crushed in water. The infected bulbs from 
which the fleshy and dry scale leaves were taken were planted 
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as a check on the inoculum in each test. In each test juice from 
healthy onion bulbs was hypodermically injected into healthy 
bulbs for checks. 
No plants exhibited symptoms of yellow dwarf when fleshy 
or dry scale leaves of yellow dwarf plants were used as the 
source of inoculum and the hypodermic method was used. The 
infected bulbs from which the fleshy and dry scale leaves were 
taken produced plants that expressed symptoms of the disease 
in each test. Yellow dwarf virus must have been very dilute 
in the storage tissue of the infected onion bulbs and inactivated 
in the dry scale leaves of the bulb and, therefore, caused no in-
fection of the inoculated plants. 
As shown by Henderson (8), healthy onion plants inoculated 
with yellow dwarf virus diluted 1-10,240 or more, and the fil-
trate from dried infected onion leaves failed to cause infection. 
In making hypodermic inoculations of yellow dwarf virus into 
healthy onion bulbs it has been found important that the virus 
be injected into the meristematic tissue and not into the sur-
rounding storage tissue if symptoms of yellow dwarf are to be 
produced. In many instances, however, where bulbs were hypo-
dermically inoculated ~with the virus, and the plants failed to 
manifest the symptoms during the current growth period, the 
yellow dwarf symptoms readily appeared when these bulbs were 
regrown. In such instance it is probable that the virus was 
injected in the storage tissue and did not reach the meristematic 
tissue during the first growth period. However, the virus re-
mained viable, and by the time the bulb had gone through a 
dormant period and was regrown the virus had found its way 
into the meristematic tissue. Yellow dwarf symptoms then ap-
peared in the plant. In other instances where the injections of 
virus were made into the storage tissue, the plants did not show 
symptoms of the disease regardless of the number of times the 
bulbs were regrown. 
EFFECT OF RATE OF GROWTH ON MANIFESTA'l'ION OF YELLOW DWARF 
SYMPTOMS 
Oct. 18, 1930, 1,350 healthy Yellow Globe onion sets were 
planted in a greenhouse bed. At planting time 80 of the bulbs 
were hypodermically inoculated in the growing points with non-
filtered juice, extracted from yellow dwarf infected onion 
plants, and 30 of them were similarly injected with juice ex-
tracted from healthy onion bulbs for checks. Later, when the 
plants reached the heights of 1, 2, 3, 4, 5, 6, 7 and 8 inches, re-
spectively, 80 plants were inoculated in the leaves with virus 
containing juice by the modified needle-puncture method pre-
viously described. At the time each lot of 80 onion plants was 
inoculated, 30 plants were similarly treated with healthy onion 
juice to serve as checks. The remaining uninoculated plants 
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were used to ascertain whether any natural transmission of yel-
low dwarf occurred where the t ests were conducted. Thirty-
five days after each lot of plants was inoculated, readings were 
made of the number of visibly infected plants. The plants were 
allowed to mature and were harvested March 8, 1931. April 
10, 1931, all the bulbs from the virus-inoculated plants and 
check plants injected with healthy juice, were planted in the 
field near Pleasant Valley. May 15, 1931, final readings were 
made of the number of plants showing yellow dwarf in this sec-
ond growth period. These data, together with the percentages 
of total infected plants which masked the symptoms during the 
total growth period, are presented in table 7. 
TABLE 7. NUMBERS AND PERCENTAGES OF ONION PLANTS SHOWING SYMP-
TOMS OF YELLOW DWARF AFTER INOCULATION AT 
VARIOUS STAGES OF GROWTH. 
No. plants showing symptoms Percentage infected 
Height Number plants showing 
when plants** First growth Second growth mas~ed symptoms 
inocu- period period in first· growth period 
lated ---' 
I 
Inocu- Inocu- Inocu- Inocu-
lated Checks lat.ed Cheeks lated Checks lated Checks 
------
Bulb.* 80 30 64 0 72 0 11 . 0 0 . 0 
1 in. 80 30 30 50 40.0 
2 in . 80 30 30 44 31.4 
3 in . 80 30 22 40 44 .0 
4 in. 80 30 14 30 54.1 
5 in . 80 30 10 24 58.0 
6 in. 80 30 0 18 100.0 
7 in. 80 30 0 22 100.0 
8 in . 80 30 0 16 100.0 
*Bulbs were hypodermically inoculated in the growing tips with yellow dwarf virus. 
**The 270 uninoculated plants remained healthy . 
Experiments reported in table 7 on inoculation of onions with 
yellow dwarf virus at different stages of growth show that (a) 
the earlier the inoculation, the higher the percentage of infec-
tion obtained, (b) although approximately the same percentage 
of plants inoculated at aU stages masked the symptoms during 
the first growth period, the later the inoculations the lower the 
percentage of visible infection until the plants were higher than 
5 inches, when no visible infection was present in the first 
growth period, (c) higher percentages of visible infection oc-
curred in the second growth period than in the first because 
some of the infected plants masked the symptoms in the first 
growth period, (d) inoculations made when plants approached 
maturity failed to manifest disease symptoms until the bulbs 
of such plants were regrown. 
Results of these artificial inoculation tests correlate with field 
conditions, in that plants iIifected late in maturity by the nat-
ural transmission of the yellow dwarf virus either fail to mani-
228 
fest symptoms of the disease, or show symptoms in only the last 
few leaves. 
As was brought out in the previous section on masking of 
symptoms, the manifestation of yellow dwarf depends on the 
vigorous growth of the plant after it becomes inoculated. 
INOCULATION WITH JUICE FROM APPARENTLY HEALTHY (MASKED 
YELLOW DWARF) ONION PLAN'l'S 
June 28, 1928., 20 apparently healthy Red Globe onion plants 
were collected from fields on the C. Kramback farm, where 95 
percent of the plants expressed yellow dwarf symptoms. Juice 
was extracted from the leaves of each plant, and lots of 20 
healthy Yellow Globe onion sets were hypodermically inocu-
lated in the growing tips with each sample of juice, respec-
tively. For checks, sterile water was injected into the growing 
tips of a similar number of healthy Yellow Globe onion sets. 
These bulbs were planted on a farm in a yellow dwarf disease-
free area, 4 miles from the nearest onion field. Final readings 
were taken on these tests July 30, 1928. 
Oct. 10, 1929, 50 healthy Yellow Globe onion plants were 
hypodermically inoculated in the growing tips with yellow 
dwarf virus. Twenty-five days later 60 percent of the plants 
manifested the symptoms. Juice was extracted from each of 15 
apparently healthy plants, and lots of 10 healthy Yellow Globe 
onion bulbs were hypodermically inoc elated with each sample of 
juice, respectively. To serve as ch ks, lots of 10 healthy Yel-
low Globe bulbs were similarly treated with sterile water. These 
bulbs were planted in 8-inch pots and held under greenhouse 
conditions. Final readings were made Nov. 5, 1929. Data from 
both the 1928 and 1929 experiments are given in table 8. 
Data in table 8 show that juice extracted from infected onion 
plants which had masked yellow dwarf symptoms was infec-
tious. 
Ten to 50 percent of the onion plants inoculated with juice 
from the apparently healthy plants from the Kramback field, 
expressed yellow dwarf symptoms. 
Thirty to 50 percent of the onion plants inoculated with juice 
from the apparently healthy plants of the greenhouse inocula-
tion test plants 1, 2, 3, 4, 6, 7, 10, 13, 14, and 15 showed yellow 
dwarf symptoms, while those inoculated with juice from the 
apparently healthy plants 5, 8, 9, 11 and 12 showed no signs of 
the disease. 
Juice extracted from infected onion plants, when used to arti-
ficially inoculate healthy plants, caused infection. Under field 
conditions, therefore, any yellow dwarf infected plant, whether 
the symptoms are visible, provides a source of inoculum by 
which healthy plants may be infected. 
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TABLE 8. PERCENTAGE OF ONION PLANTS THAT MANIFESTED YELLOW 
DWARF SYMPTOMS WHEN HYPODERMICALLY INOCULATED WITH 
JUICE EXTRACTED FROM APPARENTLY HEALTHY 
ONION PLANTS. 
Number bulbs 
Source of inoculum I Percentage of infected plants 
Inoculated Cbecks Inoculated Checks 
Kra~back pl~;tts 1 20 20 35 No 
2 20 20 30 in-
.. .. 3 20 20 35 fection 
.. .. 4 20 20 45 
.. .. 5 20 20 35 
.. .. 6 20 20 30 
.. .. 7 20 20 45 
.. .. 8 20 20 50 
.. .. 9 20 20 30 
.. .. 10 20 20 40 
.. .. 11 20 20 20 
.. .. 12 20 20 35 
" 
.. 13 20 20 45 
.. .. 14 20 20 10 
.. .. 15 20 20 40 
.. 
" 16 20 20 30 
.. 
" 17 20 20 40 
" 
.. 18 20 20 40 
.. .. 19 20 20 30 
.. .. 20 20 20 35 
GreeI}~ouBe t~~t pl~~t8 1 10 10 30 
2 10 10 30 
.. .. .. 3 10 10 50 
.. .. .. 4 10 10 30 
.. .. .. 5 10 10 0 
.. .. .. 6 10 10 40 
.. .. .. 7 10 10 50 
.. .. .. 8 10 10 0 
.. .. .. 9 10 10 0 
.. .. .. 10 10 10 30 
.. .. 
" 11 10 10 0 
.. .. .. 12 10 10 0 
.. .. .. 13 10 10 40 
.. .. .. 14 10 10 40 
.. .. .. 15 10 10 50 
POSSIBLE NATURAL DISSEMINATION OF THE VIRUS 
The manner in which the yellow dwarf virus is disseminated 
in the field was not determined. The known infectiveness of 
certain viruses suggested the desirability of studying the possi-
ble role of cultural practices and of insects as vectors. Onion 
growing employs considerable hand labor, because of large 
numbers of plants growing in close proximity. The plants are 
subjected to possible injury in weeding, CUltivating and har-
vesting. 
Like other crops, onions are visited and infested with certain 
insects as thrips, onion maggots, the tarnished plant bug and 
others. The known role of insects as vectors in other virus dis-
eases suggested their possible relation to the spread of the yel-
low dwarf virus. 
In order to simulate cultural practices, a knife was smeared 
with juice from yellow dwarf infected plants and used for top-
ping. Ten one-rod rows of healthy onion plants were topped, 
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when about half grown. The same procedure was followed at 
harvest time. 
In another set of trials the virus infect ed juice was applied to 
the hands of laborers who rubbed the leaves of 630 healthy 
plants. Bulbs of healthy young plants were injured in still 
other trials. Plugs were taken fl'om infected bulbs and in-
serted into 250 healthy ones. Later these plants were harvested 
and regrown in the greenhouse for evidence of yellow dwarf 
virus. In none of th e trials, however, did transmission take 
place. 
Drake, Harris and Tate (3) and Drake, Tate and Harris (4) 
report that the bean aphid (Aphis 1naidis Fitch ), the apple grain 
aphid (Rhopalosiphum pmnifoliae Fitch), the green peach aphid 
(JIYZtlS persicae Sulzer ), the melon aphid (Aphis gossypii Glov-
er) and the potato aphid (Macrosiplwm gei Koch ) are vectors of 
the yellow dwarf virus. They also have reported that the six-
spotted leaf-hopper (Cicadnla sexnotata Fall) and a mealy bug 
(Phenacoccus sp.) are capable of transmitting the virus. 
The author has made a number of controlled experiments on 
transmission of yellow dwarf virus with the bean aphid (Aphis 
1naidis Fitch ), the apple grain aphid (Rhopalosiphtl1n pntnifoliae 
Fitch) , and the melon aphid (Aphis gossypii Glover) with suc-
cessful results. Since this phase of the problem is being investi-
gated in the Entomolog'y Section no further consideration here 
will be given this aspect of the yellow dwarf problem. 
Evidence accumulated on transmission shows that cultural 
practices probably do not spread the yellow dwarf virus and 
that certain insects may serve as vectors. 
PROPERTIES OF YELLOW DWARF VIRUS 
After the artificial inoculation methods had been perfected 
so that consistently high percentages of infection could be ob-
tained, experiments were conducted to det ermine the proper-
ties of the yellow dwarf virus. These tests consisted of aging 
in vitro, drying leaves, thermal death point, and dilution. 
AGING IN VITRO 
.A supply of juice was extracted from leaves of yellow dwarf-
infected onions and diluted with 1 cc. of sterile distilled water 
to each gram of leaves used in the extraction. The liquid was 
stored in a stoppered sterile glass container at 29° C. It was 
shown by Henderson (8) that onion virus stored under the 
above conditions remained infective up to 112 hours. Duplicate 
lots of 50 healthy bulbs were inoculated by injecting 1/ ] 6 cc. 
of the diluted virus into each bulb. Fifty additional healthy 
bulbs were injected with sterile distilled water as checks. The 
tests were started May 14, 1931, and continued at different in-
tervals for 650 hours. The bulbs were planted in a disease-free 
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Fig. 7. Effect of age of yellow dwarf virus in vitro on infectivity. 
area. In fig. 7 are shown the percentages of infected plants oc-
curring in the virus-inoculated lots made at the different time 
intervals. 
The inoculations made with freshly extracted viriferous juice 
visibly infected 74 pcrcent of the plants. There was a sharp re-
duction in the infectivity of the yellow dwarf virus stored fol' 
12 and 22 homs as indicated by 53.0 and 28.0 percent of the in-
oculated plants that manifested symptoms in the respective 
tests. There was a gradual loss of infectivity of the stored yel-
low dwarf virus for the time intervals from 22 to 112 hours, 
after which inoculations produced no yellow dwarf symptoms. 
INFECTIVITY OF THE VIRUS FROM DRIED INFECTED 
LEAVES 
Leaves were collected from yellow dwarf infected onion 
plants and storcd at 29 ° C. Starting May 14, 1931, at different 
intervals juice was extracted from the stored leaves and hypo-
dermically injected into 50 healthy onion bulbs. The different 
trials included time intervals to 180 hours. The bulbs were 
planted in a disease-free area and read after 22 days. It was 
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shown by Henderson (8) that yellow dwarf virus in drying 
onion leaves stored at 29° C. remained infective for 100 hours. 
In fig. 8 is shown the effect of drying on the infectivity of the 
yellow dwarf virus. 
The onions inoculated with the yellow dwarf virus from 
freshly cut leaves showed 86.0 percent visible infection. Inocu-
lations with juice from leaves dried 10 hours resulted in 84 per-
cent visible infection. 
As shown in fig. 8, the percentage of visible infection de-
creased with the time the leaves were dried. After 100 hours 
no infection was obtained. The results indicated clearly that 
when the leaves were air dry the virus was no longer capable of 
inducing infection. Results of these viability tests of the virus 
in the severed leaves are of considerable importance to the 
grower because onion tops are allowed to remain in the field. 
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EFFECT OF HEAT ON THE INFECTIVITY OF THE YELLOW 
DWARF VIRUS 
Juice was extracted from diseased Yellow Bottleneck onion 
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Fig. 8. Infectivity of the yellow dwarf virus from infected leaves in the 
process of drying. 
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plants by the method previously described and diluted with 1 
cc. of sterile distilled water for each gram of leaves. The virus-
containing juice was filtered and placed in thin sterile glass 
tubes lis inch in diameter and 1% inches long. The glass tubes 
were stoppered with sterilized corks, and placed in a wire bas-
ket covered with a wire screen so as to hold them upright. Im-
mediately before exposure in the constant temperature water 
bath to temperatures of 60, 70, 75, 80, 85, 90 and 95° C, for 10 
minutes, the basket and tubes of material were immersed for 1 
minute in a water bath of similar temperatures so that the ma-
terials would be heated to the correct temperature to begin the 
tests. Tests were made in duplicate and terminated by immers-
ing the basket for 5 minutes in cold water. In each test 50 
healthy Yellow Globe onion bulbs were hypodermically inocu-
lated with 1/ 16 cc. of the previously heated viriferous onion 
juice. At the same time 50 healthy Yellow Globe onion bulbs 
for each test were similarly injected with previously heated 
healthy onion juice as checks. As a check on the infectivity of 
the virus 50 healthy Yellow Globe onion bulbs in each test were 
hypodermically inoculated with non-heated virus-containing 
juice from the same supply of onion juice as used in the tem-
perature test. Onion bulbs of these tests were inoculated im-
mediately after each temperature treatment was completed and 
planted in a disease-free area. Each test was read 25 days after 
the date of p1anting. In fig. 9 the percentages of visible infec-
tion found in the bulbs inoculated with heated viriferous onion 
juice and non-heated viriferous juice are shown. 
Figure 9 shows that heating the yellow dwarf virus for 10 
minutes at 60 and 70° C. had little or no effect upon its infec-
tivity. H eating for 10 minutes at 75° C., however, reduced the 
infectivity of yellow dwarf virus quite sharply, and heating at 
80° C. for 10 minutes destroyed its infectivity. Percentages of 
infection found in the check plants that were inoculated with 
the non-heated yellow dwarf virus were uniformly high. The 
critical temperature for the yellow dwarf virus, therefore, seems 
to lie between 75 and 80° C. when exposed 10 minutes. [Hen-
derson (8)]. 
EFFECT OF LOW 'l'EMPERA TURE ON THE INFECTIVITY OF 
THE YELLOW DWARF VIRUS 
Juice was extracted from leaves of onion plants infected with 
yellow dwarf, diluted 1-10 with sterile distilled water, centri-
fuged for 1 hour, at 8,000 r.p.m., and placed in small quantities 
in sterilized fiat-bottomed pans. The containers of diseased 
onion juice were then placed out-of-doors, for different lengths 
of time, on a day when the temperature was below zero (centi-
grade) . This resulted in exposures of 15 minutes at _5° C., 30 
minutes at -10° C., 2 hours at _14° C., and 6 hours at _14° C., 
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Fig. 9. Effect of heat on infectivity of the yellow dwarf virus. 
respe·ctivcly. Low temperature exposures were terminated by 
bringing the materials into a room, the temperature of which 
was about 25° C. Duplicate tests of the infectivity were made 
by hypodermically inoculating healthy onion bulbs with the 
virus treated in: the ways mentioned. As a check on the test of 
cdld exposures 20 healthy onion bulbs were hypodermically in-
jected with healthy onion juice that had been exposed to the 
same cO)1ditions as the virus-containing juice and 10 healthy 
onion bulbs were hypodermically inoculated with the untreated 
virus from the same original supply as used in the cold exposure 
tests. The bulbs were planted in 8-inch pots of soil, and placed 
in a greenhouse separate from other onion plants. (Data from 
these experiments are shown in table 9.) 
Data In table 9 show that the exposures to freezing tempera-
tures . in these experiments, which ranged up to 6 hours at 
-14" C. had no effect on the infectivity of the yellow dwarf 
virus. [Henderson (8)]. 
YELLOW DWARF VIRUS DILUTION TESTS 
·Allard (1) showed that the virus-containing tobacco JUIce 
diluted 1-1,000 was quite as effective in producing infection as 
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the undiluted juice, but that the 1-10,000 dilution reduced the 
percentage of infection. It seemed desirable to make similar 
tests to determinc the effect of dilutions on infe~tivity of the 
yellow dwarf virus. 
Juice was extracted from yellow dwarf infected Red Globe 
onion plants, strained through cotton, centrifuged for 30 min-
utes and passed through a Berkfeld W. filter. Inoculations were 
made by injecting 1/ 16 cc. of the filtered diseased juice into the 
. growing points of 20 healthy Red Globe onion bulbs, in dupli-
cate tests. Similar inoculation t ests were made with each of 
the dilutions which rangcd up to 1 part undiluted diseased juice 
in 163,640 parts sterile distilled water. In each of the dilution 
tests, 10 healthy Rcd Globe onion bulbs were injected hypoder-
mically with sterile distilled water for checks. The bulbs wcre 
planted in 8-inch pots of soil and placed in a greenhouse sep-
arate from other onion plants. Readings of the percentage yel-
low dwarf in each test were made 24 days after planting, and 
the data are shown graphically in fig. 10. 
The data presented in fig. 10 show that dilutions up to 1 in 20 
all infected the healthy plants about alike, in percentages rang-
ing from 83 to 96. For greater dilutions, the percentage of in-
fected plants decreased uniformly with doubling of the amount 
of water. At a dilution of 1 in 10,240 and beyond, no healthy 
plants were infected by the diluent. The check plants inocu-
lated with sterile distilled water remained healthy in each of 
the tests. 
TABLE 9. NUMBER AND PERCENTAGE OF DISEASED PLANTS IN LOTS INOCU-
LATED WITH HEALTHY AND VIRUS-CONTAINING JUICE 
EXPOSED TO LOW TEMPERATURES. 
Yellow d war! plants 
Temp 
Exposure time pera- Healthy-juice Virus-containing 
t ure check juice 
°C. 
N umher Percent Number Percent 
15 min. - 5 0 0 24 80 
15 min. - 5 0 0 25 83 
No exposure -* - - 14 70 
- - -
12 60 
30 min. -10 0 0 23 76 
30 min. - 10 0 0 27 90 
No exposure 
- * - - 18 90 
- - - 18 90 
2 hours -14 0 0 24 80 
2 hours -14 0 0 25 83 
No exposure 
- * - - 20 100 
- -
- 16 80 
6 hours -14 0 0 27 gO 
6 hours -14 0 0 24 80 
No exposure 
- * - - 18 90 
-
-
- 20 100 
*Room temperature. 
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DILUTIONS 
Fig. 10. Effect of dilution on the infectivity of yellow dwarf virus. 
Concentration of the yellow dwarf virus in the onion plant 
was not as great as in the case of the tobacco mosaic and cu-
cumber mosaic virus, as indicated when dilutions of 1-5,120 
infected only 10 to 30 percent of the inoculated plants. 
OVERWINTERING OF THE YELLOW DWARF VIRUS 
To determine the manner in which the yellow dwarf virus 
overwintered, tests were conducted in the field and greenhouse 
with soil from the diseased area, seed from diseased plants, 
bulbs from diseased plants, and diseased plants remaining out-
side during the winter. 
IN SOIL 
Soil tests were conducted under greenhouse conditions at 
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Ames, Iowa, to determine whether the virus was soil-borne, as 
was found in the case of wheat rosette by McKinney (11). 
In the fall of 1928 samples of soil were collected from the 
Kramback farm at Pleasant Valley, Iowa, where 95 percent of 
the previous crop had been visibly infected. One hundred and 
twelve Red Globe onion seedlings and two hundred healthy 
Yellow Globe onion sets, two varieties known to be highly sus-
ceptible to yellow dwarf, were planted in 8-inch pots contain-
ing soil from the Kramback farm. For checks 32 Red Globf> 
onion seedlings and 50 healthy Yellow Globe onion sets were 
planted in 8-inch pots of the soil from the Kramback farm that 
had been steamed at 28 pounds pressure for 3 hours per day on 
two consecutive days. 
Similar tests were conducted where 72 Red Globe onion seed-
lings and 110 healthy Yellow Globe onion sets were planted in 
6-inch pots of compost soil, where infected onions had pre-
viously grown under greenhouse conditions. Twenty-eight Red 
Globe onion seedlings and forty healthy Yellow Globe onion 
sets were planted as checks in soil obtained from the same 
source, which had been steamed as above. None of the plants 
from sets or seed became infected, which indicates that the 
virus is not soil borne. 
IN SEED 
During the spring of 1928 (before the nature of the onion 
trouble was known) a large quantity of Red Globe onion seed 
from a diseased field at Pleasant Valley, Iowa, was sold to onion 
growers of the St. Ansgar, Sumner, Washington, and Clear 
Lake, Iowa, and the Hollandale, Minn., disease-free districts. A 
total of 75 acres, including 2 acres at the horticultural farm at 
Ames, Iowa, were planted with this seed. When the plants of 
these crops were 12-14 inches in height, and for the remaining 
part of the growing season, careful inspections were made for 
the presence of yellow dwarf. Data obtained are given in 
table 10. 
Red Globe seed produced by infected onion plants and 
planted on 73 acres in the St. Ansgar, Sumner, Washington, 
and Clear Lake, Iowa, and Hollandale, Minn., districts produced 
TABLE 10. DATA ON THE EFFECT OF USING SEED FROM YELLOW DWARF 
DISEASED PLANTS. 
Seed from diseased 
plants Bown at: 
St. Ansgar, Iowa 
Sumner, Iowa 
Washington, Iowa 
Clear Lake. Iowa 
Ames, Iowa 
Hollandale. Minn. 
Number acres 
51 
2 
8 
2 
2 
10 
Percentage of plant. 
yisibly infected 
0.0 
0 .0 
0.0 
0.0 
15 .0 
0 .0 
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crops of healthy onions. j1-'ifteen percent of the plants from the 
same Red Globe onion eed lot planted on a 2-acre plot at Ames, 
showed yellow dwarf. Because the Ames plot comprised only 2 
of the 75 acres planted with seed hom the same lot indicates 
that this was an exceptional occurrence and that the infection 
probably was not carried in the seed. 
July 25, 1928, samples of Yellow Bottleneck and Red Globe 
onion seed were collected from visibly infected plants growing 
on two farms near Pleasant Valley, Iowa. Feb. 10, 1929, 60 
seeds of the Yellow Bottleneck variety and 64 seeds of the Red 
Globe variety were planted in 8-inch pots of steamed compost 
soil. Twenty-five Yellow Bottleneck and thirty Red Globe seeds 
produced by healthy onion plants were planted in 8-inch pots of 
steamed compost soil and held as checks. The plants were 
grown under greenhouse conditions to the height of 4 inches, 
when they were placed outside the greenhouse. June 10, 1929, 
when final readings were made all the plants of these tests were 
healthy. The data presented in table 10 and the results of 
growing the seed from infected plants in the greenhouse indi-
cate that the yellow dwarf virus is not seed-borne. 
IN BULBS 
In the fall of 1928 diseased plants from crops of Yellow Bot-
tleneck sets and mature onions intended for mother bulbs were 
collected from four farms at Pleasant Valley, Iowa. March 28, 
1929, these bulbs were planted in 6-inch fiats of sterile soil and 
held in a greenhouse separate from other onion plants. Healthy 
Yellow Globe bulbs obtained outside the yellow dwarf area 
were planted under similar conditions as checks. Final read-
ings of these tests were made June 10, 1929. 
It was shown that without exception the 200 mother bulbs 
and the 200 sets produced by visibly infected plants on four 
farms at Pleasant Valley, Iowa, showed yellow dwarf symp-
toms when they were regrown in fiats of sterile soil in the green-
house. In the same experiment Yellow Globe bulbs produced 
outside of the diseased area by healthy plants remained healthy 
when regrown. These results sho\v that the yellow dwarf virus 
was carried over winter in the onion bulbs. 
IN VOLUNTEER ONION PLANTS 
Late in the fall of 1928, a large number of yellow dwarf vol-
unteer onion plants was found growing in the onion fields, as 
the result of the practice of scattering defective bulbs over the 
fields and plowing them under. In the spring of 1929, although 
the tops of these onions had frozen to the ground, the bulbs and 
base of the leaves which had been buried deeply in plowing, re-
mained alive and showed yellow dwarf when new growth 
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started in the spring. Juice extracted from leaves of overwin-
tered infected onion plants was used to inoculate healthy Yel-
low Globe onion bulbs. Hcalthy Yellow Globe bulbs were like-
wise injectcd with sterile water as checks in each case. The 
tests in 1929 and in 1930 were pJ anted near Pleasant Valley, but 
outside the diseased area at least 4 miles from any onion field. 
Additional material was obtained by growing a plot of yel-
low dwarf diseased onions at Ames in 1929. March 16, 1930, 
after finding that about 2 inches of the tops of these plants 
were alive, 20 healthy Red Globe onion bulbs were hypoder-
mically inoculated in the growing tips with juice extracted 
from the leaves of these plants. Another set of 30 healthy 
Red Globe onion bulbs was likewise inoculated March 20, 1930, 
and 10 healthy Red Globe onion bulbs were injected with ster-
ile watel' as checks. All of these bulbs were planted in 8-inch 
pots of steamed soil and held in a greenhouse where other 
onions were absent. The results are recorded in table 11. 
TABLE 11. PERCENTAGE OF PLANTS SHOWING YELLOW DWARF WHEN 
HEALTHY BULBS WERE HYPODERMICALLY INOCULATED WITH 
THE YELLOW DWARF VIRUS WHICH HAD OVERWINTERED 
IN VOLUNTEER ONION PLANTS. 
Source of infected Number bulbs Perc;entage visible infection 
volunteer plants Date inoculated 
Inocula ted Check Inoculated Check 
PI~:,sant y'"alley May 15, 1929 50 25 68 0 . 0 
May 15, 1929 50 25 76 0.0 
.. .. M ay 10, 1930 25 10 60 0.0 
.. .. May 10, 1930 25 10 80 0.0 
Ames M arch 16, 1930 20 10 60 0.0 
March 20, 1930 30 10 53 0.0 
Data given III tabl e 11 show that the yellow dwarf virus 
lived overwinter in the bulbs and leaves of volunteer onion 
plants. Fifty-three to eighty percent of the onion plants in-
oculated with yellow dwarf virus that had overwintered in 
volunteer onions manifested yellow dwarf symptoms. Check 
plants in these t ests remained healthy. 
Results of these experiments show that the yellow dwarf 
virus was neither soil borne nor probably seed borne-at most 
only in exceptional cases-but was harbored in the vegetative 
organs of onion plants such as sets, mother bulbs and volun-
teers in the field. 
These overwintering studies warranted the initiation of a 
new cultural practice-that of indexing sets and mother bulbs 
and destroying all voluuteers. This topic will be described 
and discussed again in the section on control (page 248). 
INTER-TRANSMISSIBILITY OF THE YELLOW DWARF VIRUS 
To combat effectively the spread of the yellow dwarf virus, 
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its host range needed to be known. Experiments, therefore, 
were conducted in which plants of different genera were inocu-
lated with the yellow dwarf virus from onions. Also onIon 
plants were inoculated with different plant viruses. These 
tests were made in the greenhouse and in the field by artificial 
inoculations and with insects. In each test were held check 
plants which were treated in the same way, using healthy 
juice. 
Shallots (Allium ascolanicum L.), Chinese sacred lily (Nal'-
cissus tazetta L.), and the jonquil (Narcissus jonquilla L.) were 
the only plants tested that showed yellow dwarf symptoms fol-
lowing inoculation with the virus. The other plants inoculated 
were: Milkweed (Asclepias syriaca L.), pigweed (Amamnthus 
l'etroflexus L.), sugar beet (Beta vulgal'is L.), cucumber (Cn-
cumis sativus L.), squash ( CtlCurbita moschata Duchesne), 
lamb's quarter (Chenopodium alba L.), corn (Z ea mays inden-
tata L. Bailey), Mexican drop seed (j\1 uhlenbergia mexicana L. 
Trin.), yellow foxtail (Setm'ia glauca L. Beauv.), gladiolus 
(Gladiolus sp. L.), alfalfa (Medicago sativa L.), bean (Phase-
olus vttlgaris L.), red clover (T1'if olium pmtense L.) , sweet clov-
er (Melilotus alba (Desr.), Persian iris (Iris persica L. ), chives 
(Alli'um schoenoprasum L.), garlic (Allium sativttm L.), leek 
(Allium pon'um L.), nebuka, wild onion (Allium canadense L. ), 
Easter lily (Lilittm longiflorum L .), tiger lily (Lilium tigrinurn 
Ker.), golden banded lily (Lilium aumtum Lindl. ), Lilinm spe-
ciosum Thunb. , madonna lily (Lilium candidttm L.), regal lily 
(Lilium 1'egale Wels.), common hyacinth (Hyacintlms OI'ientalis 
L.) , Narcissus poehcus L .), plantain (Plantago majOl' L.), canna 
(Canna generalis Bailey), tulip (Tulipa gesn61'iana L.). These 
showed no yellow dwarf symptoms. 
INOCULATION OF ONION PLANTS WITH OTHER PLANT 
VIRUSES 
In these experiments onion plants were hypodermically inocu-
lated with juice extracted from different kinds of virus-diseased 
plants. The check plants which were injected with healthy 
plant juice corresponding to the plants from which the virus was 
extracted were: 
Sweet clover (M elilotus alba Desr.), alfalfa (M edicago sativa 
L.), raspberry (Rttbus occidentalis L.), tobacco (Nicotiana 
tabacum L.), cucumber (Cucttmis sativtts L.), tomato (Lycoper-
sicum esculentum MilL), milkweed (Asclepias sY1'iaca h), bean 
(Phaseolus vulgaris L.), Easter lily (Lilium longiflorum h), 
sugar cane (Saccharum officinarum L.), tulip (Tulipa gesneriana 
L,), pepper (CapsiCt~m frutescens L.), and canna (Canna gen-
emlis Bailey). None of these plants produced symptoms of yel-
low dwarf in the inoculated healthy onion plants. 
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ONION PLANTS ARTJli'ICIALLY INOCULATED WITH JUICE FROM WEEDS 
IN ONION FIELDS 
Experiments were conducted to determine the possibility of 
wild host plants harboring yellow dwarf virus. Healthy onion 
bulbs were inoculated hypodermically in the growing tips with 
juice extracted from plants (not onions) collected in and near 
diseased onion fields at Pleasant Valley, Iowa, regardless of 
whether the plants showed signs of a virus disease. At the same 
time, healthy bulbs were injected with sterile distilled water 
for checks. These bulbs were planted in the field in an isolated 
disease-free area. 
None of the weeds tested carried yellow dwarf virus. They 
were: Sweet clover (Melilotus alba Desr.), red clover (Trifolium 
pratense L.), alfalfa (M edicago sativa L.), wild lettuce (La,ctnca 
canadensis L.), lamb's quarter (Chenopodium albl~m L.), quack 
grass (Agropyron repens L. Beauv.), velvet weed (IIolcus 
lanatus L.), yellow foxtail (Setaria glaltCa L. Beauv.), pigweed 
(Amaranthus ret1'oflext~ L.), plantain (Plantago major L.), old 
·witch grass (Panic1pn capillare L.), Mexican dropseed (Muhlen-
bergia mexicana L.) barnyard grass (Echinochloa c1"'Us-galli L.), 
wild onion (Allium canadense L.), and purslane (P01'tulaca 
oleracea L.). 
CONTROL MEASURES 
The prevalence and destructiveness of yellow dwarf disease, 
when this problem was undertaken, made it necessary to give 
serious consideration to control measures at the outset. It was 
decided to study the value of spraying as a means of decreasing 
the spread of the virus and to investigate the possibility of in-
dexing in an effort to eliminate planting stocks of infected 
bulbs. Because of the marked prevalence (40 percent infection 
in the Valley) it appeared that healthy sets could not be grown 
in or near the infected fields. This led to the initiation of the 
practice of growing or having grown outside the Valley in yel-
low dwarf free areas all sets to be used for commercial crops 
within the diseased area, Subsequently, sanitation and varietal 
resistance also received consideration. 
THE EFFECT OF SPRAYING ON THE SPREAD OF YELLOW DWARF 
INFECTION 
The prevalence of yellow dwarf throughout the onion-grow-
ing district suggested that the virus was being spread by some 
unknown insect vector. This led to trials with various spray 
mixtures on onion seedlings for sets from 1928 to 1931, inclusive. 
1928 EXPERIMENTS 
In 1928 six plots were laid out on the farm of R. M. Rice, 
located near the center of the infected area. Each plot con-
sisted of six 150-foot rows of Yellow Bottleneck onions. Spray· 
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ing was started June 16, using a wheelbarrow sprayer which 
delivered the spray under 35 pounds pressure. In plot 1, a 
4-4-50 Bordeaux mixture, to which was added 1 gallon of fur-
fural and % pint of nicotine sulfate to each 50 gallons, was 
applied for 18 consecutive days. 
The same kind of spray was applied at 3-day intervals for 27 
days in plot 2. In plot 3 the same kind of spray was applied at 
6-day intervals for 24 days. Plot 4 was sprayed daily for 18 
days with a solution of soap and nicotine sulfate, made by add-
ing 5 bars of white laundry !>oap and % pint of nicotine sulfate 
to 50 gallons of water. In plot 5, the plants were sprayed with 
the same kind of spray used in plot 4, at 3-day intervals for 27 
days. The plants in plot 6 were sprayed with the same spray 
used in plots 4 and 5, at 6-day intervals for 24 days. 
Final readings on the percentage of infected plants in each 
plot were based on 5,000 seedling plants. 
July 25 sample lots of 500 sets were collected at random from 
each plot, and 200 from each check, respectively. Nov. 6, 200 
sets from each sample "vere planted in greenhouse beds for in-
dexing. Effectiveness of the different sprays under these con-
ditions is shown in table 12. 
TABLE 12 . PERCENTAGE OF VISIBLY INFECTED PLANTS IN ONION SEEDLINGS 
FOR SETS SPRAYED AT DIFFERENT INTERVALS IN 1928. 
Percentage visible infection 
Appli- No. 
Spray Plot cation appli- In field When indexed 
number intervals cations ------
---Iunepray-days lunspray-
___ Sprayed ed checks Sprayed ed checks 
Bordeaux mixture. nico-
tine sulfate and fur-
fur,al 1 daily 18 0 . 0 0.0 1.3 18.0 
2 3 (l 2.6 18.0 
.. 3 6 4 2.6 18.0 
Water. soap and nicotine 
sulfate 4 daily 18 1.3 18.0 
5 3 9 1.3 18.0 
.. 6 6 4 2.6 18.0 
Onion seedlings sprayed with Bordeaux mixture (4-4-50), 
furfural and nicotine sulfate were severely burned. Those 
sprayed with the soap and nicotine sulfate solution at the more 
frequent intervals, were slightly burned at the leaf tips. 
Table 12 shows that spraying onion seedlings gave promise of 
control of the spread of yellow dwarf virus in the set crop, as 
indicated by the results obtained in the indexing tests. The 
different procedures with these sprays reduced the infection 
from 18 percent to percentages ranging from 1.3 to 2.6. 
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TABLE 13. DATA ON SPRAYING AND PERCENTAGE INFECTION OF ONIONS 
GROWING FOR SETS. 
Appli- Percentage of visible 
cation No. infection 
Number inter- appli-
Spray used vals ca- I Unsprayed 
days tions Sprayed checks 
----
Plot I Series ______ Field I Index l Field l Index 
Bordeaux mixture and nico-
tine sulfate 1 1 3 18 0.0 0.2 0.0 7.0 
2 1 6 9 0.0 3.5 0.0 7.0 
.. 3 1 9 6 0.0 4.0 0.0 7.0 
Water. rosin fish-oil soap and 
nicotine .~ulfate 4 1 3 18 0.0 1.5 0.0 7.0 
5 1 6 9 0.0 2.0 0.0 7.0 
" 6 1 9 6 0.0 4.0 0.0 7.0 
Bordeaux mixture and nico-
tine su~fate 1 2 3 18 0.0 3.0 0.0 7.0 
2 2 6 9 0.0 3.0 0.0 7.0 
.. 3 2 9 6 0 . 0 2.0 0.0 7.0 
Water I roai n fish-oi I soap and 
nicotine sulfate 4 2 3 18 0.0 1.0 0.0 7.0 
5 2 6 9 0.0 3.0 0.0 7.0 
.. 6 2 9 6 0.0 2.0 0.0 7.0 
1929 EXPERIMENTS 
In 1929 a duplicate series of spray plots was established, one 
on each of two farms. In the second series the rows were only 
half as long as in the first. Spraying was started June 1, using 
40 pounds pressure. Plot 1 in each series was sprayed at 3-day 
intervals with 4-4-50 Bordeaux mixture, to which was added 
14 pint of nicotine sulfate to each 50 gallons; plot 2 at 6-day 
intervals; and plot 3 at 9-day intervals. The same spray sched-
ule was carried out in sections 4, 5 and 6, in both series of plots 
but the spray consisted of 2 pounds of rosin fish oil soap and 14 
pint of nico~ine sulfate for each 50 gallons of water. The spray 
schedule was followed for 54 days. 
Final readings were made June 30, and the sets were har-
vested July 25. Sept. 30 sample lots of 200 sets taken from 
each plot were planted in the greenhouse for indexing. 
Severe burning occurred when Bordeaux mixture was used, 
but only slight tip burning occurred where the rosin fish oil 
soap and nicotine sulfate were applied. No visible infection was 
found in the fi eld on sprayed or unsprayed seedlings, but after 
plants were harvested and the sets indexed, it was found that 
the yellow dwarf symptoms had been masked. Infection oc-
curred in all the sprayed and unsprayed plots, as determined 
by visible symptoms brought out by indexing. There was no 
significant difference in the percentages of infection where the 
different sprays were used, but both spray mixtures reduced 
the percentage of infection (table 13). 
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1930 AND 1931 EXPERIMENTS 
In 1930 four 150-foot rows of onions grown from sets were 
sprayed at 7-day intervals for 29 days with Bordeaux mixture 
to which was added 1 gallon of white oil emulsion and % pint 
of nicotine sulfate. Two adjacent rows were left unsprayed as 
checks. 
In 1931 a duplicate series of spray plots was located one on 
each of two farms. Bordeaux mixture (4-4-50) to which 
was added 1 gallon of white oil emulsion and 14 pint of nico-
tine sulfate for each 50 gallons of mixture was used on the first 
plots of each series. It was applied at 6-day and 9-day inter-
vals with two replications of each. A spray consisting of 1 gal-
lon of white oil emulsion, 400 cc. of liquid C.P.O. soap and 14 
pint of nicotine sulfate to each 50 gallons of water was applied 
in a similar manner to plot 2 of each series. The schedules con-
tinued for 60 or 63 days as best fitted the intervals. 
No yellow dwarf symptoms were observed in the spray plots 
in either year. However, when 300 sets from each plot in 1930 
were indexed, 5 percent in the sprayed plots were found to be 
infected and 6 percent in the check plots. Indexing 200 sets 
from each plot in the 1931 tests showed zero to 2.0 percent in-
fection in both the sprayed and unsprayed plots. The low per-
centage of infection in both sets of plots indicated a very lim-
ited 'dissemination of the yellow dwarf virus in 1931, and that 
these spray schedules failed to control it. 
From the results obtained in the spray experiments for the 4 
years it is evident that some control of field spread of the yellow 
dwarf virus may be obtained by the use of the sprays. In all 
trials where Bordeaux mixture was used, the plants were se-
verely burned, and the other spray mixtures caused slight tip 
burning. Because of application cost and the limited control 
of the spread of the virus, the value of the spray is doubtful. 
VARIETAL RESPONSE TO YELLOW DWARF INFECTION 
In addition to Yellow Bottleneck and Red Globe which are 
commonly grown in the Pleasant Valley district, 34 varieties of 
onions were tested in 1929, especially for their reaction to yel-
low dwarf infection but also for maturity and yield. [Hender-
son (7)]. 'l'he plot consisted of 198 I-rod rows, with alternate 
3-row sections, planted with either Yellow Bottleneck or Red 
Globe onions for checks. Final disease readings were made 
June 20, and maturity and yield determined July 10 when the 
plot was harvested. 
All onion varieties except the Riverside Sweet Spanish mani-
fested yellow dwarf symptoms in the field tests of 1929. The 
varieties tested, in addition to Riverside Sweet Spanish, were: 
Yellow Flat Danvers, Yellow Globe Danvers, Vaughan's Prize-
taker, Ohio Yellow Globe, Southport Yellow Globe, Vaughan's 
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Yellow Danvers, Yellow Dutch Vaughan, Vaughan's Special 
Yellow Globe, Phil. Yellow Dutch, Mountain Danvers, Michigan 
Yellow Globe, Giant Gibralter, Vaughan's White Globe, Brown 
Australian Flat, Extra Early Flat Red, Vaughan's Red Globe, 
Bottle Onion, Bermuda Red, Extra Early Red Livingston, 
Reuther's Red Creole, Large Red Weathersfield, Red Weathers-
field, Sutton's Lemon Rocca, Sutton's Red Rocca, Sutton's Ailsa 
Craig, Sutton's Imperial Reading, Mammoth Silver King, Crys-
tal White Wax, Extra Early Barletta, Potato Onion, Yellow 
Bottleneck, Common Yellow Globe, Ebenezer, and Schutter Red 
Globe. 
The visible infection found in the plot varied from 0 to 20 
percent. Seemingly maturity time did not influence manifesta-
tion of yellow dwarf symptoms. The same strain of Riverside 
Sweet Spanish onions that was tested in 1929 was planted in a 
1/ 100-acre plot April 21, 1930. The susceptible Red Globe varie-
ty was planted in an adjoining 1/ 100-acre plot as a check. 
These plots were adjacent to a field of Yellow Bottleneck table 
onions grown from sets, which showed 14 percent yellow dwarf. 
Plants in both plots were observed at weekly intervals and June 
25, when the final readings were made, 10.0 percent of the Red 
Globe onion plants showed symptoms of yellow dwarf and none 
of the Riverside Sweet Spanish plants showed signs of infection. 
June 26 the bulbs from these plots were harvested and stored. 
Nov. 5, 1930, 200 Riverside Sweet Spanish bulbs and 100 Red 
Globe bulbs from the above plots were planted in the greenhouse 
to determine whether masking of symptoms had occurred. 
TABLE 14. RESULTS OF INOCULATING RIVERSIDE SWEET SPANISH AND YEL-
LOW BOTTLENECK ONION BULBS WITH YELLOW DWARF 
VIRUS TO SHOW THEIR RELATIVE RESISTANCE. 
Number plants I Percent"g~ infected plants 
Exp . Date Virus iDoculated I Ch~cks Yirus inoculated I Checks 
no. inocu-
-----1--1-lated Riversidel Yellow !Riversidel Yellow !Riverside Yellow !Riverside Yellow Sweet bottle- Sweet bottle- Sweet bottle- Sweet bottle-
Spanish neck Spanish neck Spanish neck Spanish neck 
---------------------
1 Oct. 10, 
1931 25 25 20 20 No 80.0 No No 
2 Oct . 16, 
1931 10 10 10 10 io- 70.0 in- in-
3 Oct. 10, 
1932 20 20 10 10 fec- 90.0 fec- fec · 
4 Dec. 20. 
1932 20 20 15 15 tion 80.0 tion Lion 
5 Jan. 30, 
1933 20 20 15 15 90.0 
6 Feb. 12. 
1933 20 20 15 15 60.0 
7 Mar. 1, 
1933 20 20 15 15 60 . 0 
8 Apr. 1 
1933 20 20 15 15 50 . 0 
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Fifty healthy Yellow Bottleneck onions, a susceptible variety, 
were planted as a check on the greenhouse conditions. When 
final readings of the greenhouse test were made Nov. 5, 1930, 12 
percent of the Red Globe plants showed yellow dwarf symp-
toms, while none of the Riverside Swcet Spanish showed any 
signs of the disease. The Yellow Bottleneck onions planted as a 
check to greenhouse conditions showed no disease. 
Results obtained in the field tests of 1929 and 1930, indicated 
that the Riverside Sweet Spanish strain was either highly tol-
erant of the yellow dwarf virus or it was not desirable as a host 
for the vectors that were transmitting the virus in the field. 
ARTIFICIAL INOCULc\TION OF RIVERSIDE SWEET SPANISH ONIONS 
Riverside Sweet Spanish was the only onion variety in the 1929 
and 1930 field experiments that was not visibly infected with yel-
low dwarf virus under conditions in which 10 to 20 percent of 
the plants of all the other varieties were infected. Immediately 
this variety became important as a possible means of controlling 
the disease. To determine whether absence of the disease in this 
variety was due to escape or resistance, eight artificial inoculation 
experiments were conducted in the greenhouse during 1931 to 
1933. A total of 155 Riverside Sweet Spanish onion bulbs was 
hypodermically inoculated in the meristematic tissue with juice 
from yellow dwarf infected onion leaves. As check on the in-
Fig. 11. Greenhouse indexing of onion bulbs for yellow dwarf disease (14 
days after planting). 
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Fig. 12. Greenhouse indexing of onion bulbs for yellow dwarf disease. 
Same plants as shown in Fig. 11, 10 days later. 
fectivity of the virus, an equal number of Yellow Bottleneck 
onion bulbs was treated similarly at the same time. Also, as 
further checks, onion bulbs of both varieties were injected with 
healthy onion juice. The bulbs were planted in 8-inch pots of 
steamed soil and held in a greenhouse separated from other onion 
plants. Readings were made 20-30 days after inoculation; the 
data are recorded in table 14. 
In every experiment shown in table 14, the Riverside Sweet 
Spanish onion plants which were inoculated in the bulb with 
yellow dwarf virus, failed to show signs of the disease. Th e 
Yellow Bottleneck onion plants inoculated in a like manner 
with virus from the same samples of onion juice used for the 
Riverside Sweet Spanish inoculations were 50 to 90 percent 
visibly infected. Riverside Sweet Spanish and Yellow Bottleneck 
onion plants inoculated with healthy onion juice and, there-
fore, used as checks, showed no signs of the disease. 
As a further test, healthy bottleneck onion bulbs were hypo-
demically inoculated in the meristematic tissue with juice ex-
tracted from leaves of yellow dwarf inoculated Riverside 
Sweet Spanish plants which were used in experiments 5, 6, and 
7, table 20. None of the plants manifested yellow dwarf symp-
toms, showing that the Riverside Sweet Spanish plants that 
were inoculated with yellow dwarf virus were healthy and not 
masking' yellow dwarf symptoms. 
The strain of Riverside Sweet Spanish onions used in these 
experiments is somewhat later in maturing than is desirable 
for the Pleasant Valley district. Selections for earliness are 
being made. 
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During the course of experimental work in the greenhouse 
and field on varietal response of onions to yellow dwarf infec-
tion, it was found that the Riverside Sweet Spanish strain, in 
general, was visited by fewer numbers of onion thrips 
(Thr·ips tabici Lind.) than the other varieties. Even when 
large numbers of thrips were present on this strain of onions, 
the plants were not damaged to the extent of causing white 
blast as was found in the other varieties tested. 
INDEXING ONION BULBS FOR YELLOW DWARF INFECTION 
In an earlier part of this paper it was shown that yellow 
dwarf virus overwintered in onion bulbs. It was also stated 
that more than 75 percent of the table onion crop in the dis-
trict was grown from sets and that practically all of the in-
fected seedlings for sets and a high percentage of the infected 
plants of the table onion crop masked yellow dwarf symptoms. 
Because of masking, selection of apparently healthy onions 
from this district for planting purposes gave practically no 
benefit. 
A method was devised, therefore, whereby sample lots of 
onion sets and mother bulbs, collected at random from each 
grower's planting stock, could be indexed for yellow dwarf. 
[Henderson (6)]. The method of indexing was that of re-
growing sample lots of sets and mother bulbs in greenhouse 
beds or in water cultures under conditions whereby the per-
centage of infected bulbs in each lot could be determined. The 
results of the indexing tests were given to the growers, to-
gether with recommendations to destroy the planting stocks 
that showed infection. This procedure seemed to eliminate the 
most important source of inoculum in the disease area. 
Indexing tests were conducted for the years 1928 to 1933 
inclusive and are summarized below: 
TABLE 15. PERCENTAGE OF YELLOW DWARF INFECTED PLANTS IN THE 
PLEASANT VALLEY ONION DISTRICT FROM 1928 TO 1934, INCLUSIVE, 
AS SHOWN BY ANNUAL INDEXING RESULTS AND 
FIELD COUNTS. 
Onion sets indexed in greenhouse ITable onion crop for the district 
Onion Number - - ---- ,------ I - --
set of I Percent- Number Number Percent-
crop growers Total Number Number age Sea- plants plants age 
number healthy diseased infected Bon inspected infected infection 
1926 -* - - - - 1927 -** - l.0 
1927 - - - - - 1928 100,000 40,000 40.0 
1928 71 4,424 3,540 884 19.0 1929 98,000 22,850 23.0 
1929 30 5,800 5,431 369 6.0 1930 75,000 6,010 8.0 
1930 29 6,089 5.732 3.57 6.0 1931 75,000 4,670 6.0 
19:11 73 11,019 lO,985 34 0.3 1932 75,000 387 0.5 
1932 93 9.340 9,640 13 0.1 1933 -** - Trace 
1933 71 7,675 7,673 2 0.03 1934 - - Trace 
*No 8et8 indexed in greenhouse until 1928. 
**Occular estimation . 
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Fig. 13. Production of Yellow Bottleneck onion sets in an isolated disease-
free area for planting stock. 
1928 INDEXING TESTS 
Oct. 12, 71 sample lots, 60 to 90 onion sets each, and sample lots 
of 12 to 60 mother bulbs each, were planted in greenhouse beds. 
At the same time 200 healthy onion sets, grown outside the disease 
area, were planted as checks on the possible natural transmission 
in the greenhouse. Readings of the percentage of infection were 
made 16-20 days after planting. Figures 11 and 12 show the 
method of indexing onions by growing them in the greenhouse. 
1929 INDEXING TESTS 
In the spring of 1929, 11 to 315 onion sets from the same lots 
that were indexed in the greenhouse were indexed in field 
plots at Pleasant Valley, as a check on the results of the green-
house indexing. Two hundred healthy onion sets were planted 
as an indicator of natural transmission of the yellow dwarf 
virus. As a further check on the results obtained by the 
greenhouse indexing tests, the percentage of infected plants 
in table onion crops grown from the different stocks of sets 
which were indexed in the greenhouse was determined. This 
was done by inspecting 2,000 plants in groups of 100 through-
out each of the fields. 
In 1929, 1930, 1931, 1932, and 1933, 50 to 400 onion sets 
and 8 to 90 mother-bulbs from each of the (respective) sam-
ple lots collected each year were indexed in the greenhouse. 
The results are given in table 14. 
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Fig. 14. Percentage of visible infection found in the indexing tests and 
table onion crops. 
As shown in table 15, the percentages of yellow dwarf infec-
tion occurring in the 1928 sample lots indexed in the green-
house and field were approximately the same as was found in 
the table onion crops grown from the respective stock of sets. 
These results show that indexing sample lots of planting 
stock gave the growers reliable estimates of the percentage of 
yellow dwarf infected onion bulbs in their planting stocks. 
WATER CULTURE lIIETHOD OF INDEXING ONIONS 
In an effort to find a method of indexing whereby large num-
bers of bulbs could be grown in a small space, a number of 
trials were made in which sets and mother bulbs were grown in 
large pans of water. They were held in place in the water by 
resting on hardware cloth which was adjusted so that only the 
bulb plates were immersed. Smaller mesh was used for sets 
than for mother bulbs. Indexing the bulbs by this method 
gave accurate results when compared to the greenhouse bed 
method of indexing. Not only did this method save green-
house space when large numbers of bulbs were indexed, but 
was one which could be employed by placing the pan near a 
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window in the home where there was sufficient light for 
rapid growth. 
The role of indexing in controlling yellow dwarf will be dis-
cussed later along with other methods. 
PRODUCTION OF ONION BULBS FOR PL.~NTING PURPOSES IN DISE.\SE-
FREE AREAS 
In 1928 it was noted that table onion crops from sets pro-
duced in areas where yellow dwarf infection was prevalent, 
showed much largel' percentages of visibly infected plants 
than crops from sets grown in areas where the infection was 
absent or scarce. The main source of virus for infecting 
healthy plants of the current season crop was in the plants, 
which developed early from infected bulbs. When healthy-
rather than yellow dwarf infected-bulbs were planted, the 
early seasonal source of infection was eliminated. Therefore, 
in addition to having all planting stocks of onion bulbs in-
dexed, the growers were advised to produce their planting 
stocks of sets and mother bulbs in areas free from the yellow 
dwarf disease (fig. 13). In addition, they were advised to de-
stroy the infected volunteer onion plants in the fields, because 
it had been found that they often overwintered the yellow 
dwarf virus. 
Fig. 15. A crop of Yellow Bottleneck onions on the Gimm farm. Pleasant 
Valley. Iowa. 1930. The onions were grown from sets produced in the disease 
area and were 95 percent diseased at this time. 
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Fig. 16. A crop of Yellow Bottleneck onions on the Heeney farm, Pleasant 
Valley, Iowa, 1930. The onions were grown from sets that had been pro-
duced in a disease-free area and showed no evidence of yellow dwarf. 
RESUL'l'S OBTAINED FIWM CONTROL MEASURES 
Yellow dwarf was controlled by (a) indexing, (b) pro-
ducing healthy planting stocks of bulbs in yellow dwarf-free 
areas and (C) roguing out infected volunteer onion plants. 
The percentage of infection found in the total number of 
onion sets indexed in the greenhouse for each of the years 
1928-1933, inclusive, and the percentage of infected plants in 
the entire district, which was based on field counts each year 
from 1928-1932, inclusive, shows a decline in pre valency of 
yellow dwarf infection. This is doubtless because of the con-
trol measures employed. These results are given in table 21 
and fig. 14. 
The percentage of yellow dwarf found in the district for 
each of the seasons 1928-1934, inclusive, was approximately 
that shown by the indexed sets planted. As a result of the 
adopted control measures, yellow dwarf infection declined 
from 40 percent in 1928 to a trace of the disease in 1934, as 
shown in ;fig. 14. According to R. M. Rice, president of the 
Pleasant Valley Onion Growers' Association, very few infected 
plants were found within the district during the season of 
1934. 
Yellow dwarf persisted longer, no doubt, because growers 
failed in many instances, to destroy stocks · of onion sets and 
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mother bulbs which were shown by indexing to be infected, 
and because a few growers produced sets locally. 
In one instance in 1929, locally grown sets and mother bulbs 
were planted in 1930 without being indexed. The table onion 
crop produced from the locally grown sets was 95 percent 
visibly infected, fig. 15, while a table onion crop grown from 
sets produced in a yellow dwarf 'free area and indexed were 
healthy, fig. 16. The diseased crop yielded 35 bushels per acre, 
fig. 17, while a healthy table onion grown from disease-free 
sets (produced in an area free from disease and which were 
indexed ) yielded 900 bushels per acre, fig . 18. The plants 
grown from infected mother bulbs selected from locally grown 
crops were 85 percent visibly infected, fig. 19, while a similar 
seed crop from healthy mother bulbs, fig. 20, which was pro-
duced in an area free from yellow dwarf and indexed was 
healthy. Those growers who produced their planting stock in 
yellow dwnrf-free areas and otherwise practiced the recom-
mended control measures had very little yellow dwarf disease 
in their crops. 
The one instance cited was somewhat unusual, as other 
growers who raised sets locally in 1929, produced crops having 
only 12 percent visible infection. These growers, however, 
by such practices, 'v ere responsible for the presence of early 
seasonal infection and a source of inoculum. 
After 1930 all growers in the district practiced the recom-
mended control measures, namely, indexing all planting stocks 
of bulbs, producing all planting stocks of bulbs in areas free 
from yellow dwarf infection, and roguing out infected volun-
Fig. 17. A crop of Yellow Bottleneck onions on the G im m farm which were 
95 percent diseased and yielded 35 bushels per acre in 1930. The crop wa~ 
gro\vn from sets prodt:cell \\"ithin the dise:1.se area. 
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Fig. 18. A crop of Yello\\' Bottleneck onions grown from healthy sets on 
the F . H. Schutter farm, Pleasant Valley, Iowa, yielding 900 bushels per acre 
in 1930. 
teer onion plants. Evidence of the effect of these control meas-
ures in the control of yellow dwarf infection in the district is 
indicated by a decline from 40 percent in 1928 to a trace of in-
fection in 1934. 
The study of the yellow dwarf disease of onions in Iowa 
has evolved practical control measures a.dequate to protect the 
industry against this menace; carelessness in allowing small 
amounts of the disease to persist may, at ·any time, cause a re-
currence of yellow dwarf in epiphytotic form. 
Fig. 19. Red Globe onion plants, 85 percent diseased, on the Gimm farm, 
1930. The crop was grown from mother-bulbs produced within the disease 
area. 
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Fig. 20. Red Globe onion plants with no yellow dwarf present, on the 
Schutter farm, 1930. The crop was grown from mother bulbs produced outside 
the disease area. 
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